Polymer Solar Collectors. A Better Alternative to Heat Water in Mexican Homes  by de la Peña, J.L. & Aguilar, Roberto
 Energy Procedia  57 ( 2014 )  2205– 2210 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and/or peer-review under responsibility of ISES.
doi: 10.1016/j.egypro.2014.10.187 
2013 ISES Solar World Congress 
POLYMER SOLAR COLLECTORS. A BETTER 
ALTERNATIVE TO HEAT WATER IN MEXICAN 
HOMES 
J.L de la Peña* and Roberto Aguilar 
Módulo Solar S.A de C.V. Calle 23 Este #3.  Jiutepec Morelos. 62578. México 
 
Abstract 
Polymer solar collectors have been developed by the Mexican company Modulo Solar to satisfy the demand of hot 
water in Mexican households. Traditionally, the solar collectors have been manufactured in aluminum, copper and 
iron. However, under certain parameters in the number of risers and diameter of manifolds, it´s possible to obtain the 
same thermal performance with polymer collectors of similar size. In addition, due to its high percentage of 
elongation, polymers can avoid the use of an antifreeze external valve to resist low environmental temperatures. 
These polymer solar collectors have achieved the functionality specifications required in the Mexican market which 
are described in the Technical Specification of Thermal Solar Energy for Housing. 
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1. Introduction 
The increasing demand in Mexico for low temperature solar water heaters, especially for hot water 
production in Mexican homes, has led to the possibility of exploring new materials to manufacture and 
install hundreds of square meters of solar collectors through Mexican governmental programs. Polymeric 
materials offer a great potential to meet the requirements of the Mexican market better than the metallic 
materials currently in use and thus lead to a breakthrough for solar thermal energy production. The R&D 
in polymer technology created numerous new materials, components and manufacturing technologies 
during the past decades. The key elements for the success of plastics are the wide range of properties 
which can be tailored to specific requirements and applications, the high potential for multifunctional 
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integration, and the highly flexible processability and automated manufacturing. Further overall cost 
reduction due to cost-efficient manufacturing, processing and application methods like rotmolding [1-3].  
 
 
The use of polymeric materials in the manufacture of solar water heaters either as storage tank  or as solar 
collector have acquired particular interest, opening a full scope of opportunities for lower production 
costs, by means of cheaper materials or simpler manufacturing operations. [You are saying the same thing 
as above, only better said] The use of polymeric materials limits the maximum operating temperatures 
estimated for the collectors (stagnation) to values around 80 °C, easily attainable by any simple glazed 
solar collector [4,5]. 
 
2. Experimental 
Storage tank and Solar collector were designed and manufactured with the polymeric materials,  
polyethylene and polypropylene, respectively. According to Mexican technical rules, the storage tank was 
designed for a capacity of 150 liters and to resist an hydrostatic internal pressure of 4.5 kgf/cm2, and the 
solar collector was designed to be heated by direct thermosyphon up to 60°C.   
 
3. Results and Discussions. 
3.1 Solar Collector 
The solar absorber was manufactured of polypropylene by the injection method.  The final dimensions 
were 4×5 ft2 with 110 risers in 6 mm internal diameter,  2 manifolds in 1 ½” and 4 piping connections in 
¾” internal threading. The solar absorber was placed into polyethylene box and was covered by a cellular 
polycarbonate sheet in order to led the solar energy absorption.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Solar collector Assembly. a) Polyethylene box; b) polypropylene absorber; c) piping connectors. 
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3.2 Storage Tank 
 
The storage tank was manufactured of polyethylene by rotomolding technique. In order to avoid heat lost 
from the water inside the storage tank, polyurethane was injected around the storage tank and later was 
covered by another polyethylene tank of thinner thickness.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                             
Figure 2. Storage Tank Assembly. a) Internal tank; b) external cover.  
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3.3 Solar water heater 
 
Solar collector and storage tank were mounted in a metallic structure in order to assembly the solar water 
heater. Both were connected through an EPDM hose in order to carry out the thermosiphon mechanism. 
 
 
3.4 Outdoor tests 
 
Thermal performance was performed according to the norm NMX-004-ES-NORMEX-2010 [6], while 
internal hydrostatic pressure and freezing tests were performed according to the technical document of 
solar thermal energy for Mexican homes (DTESTV) [7]. 
 
According thermal performance test, results showed that it polymer solar collector approves the 
requirements published in the Mexican Norm and its thermal behavior is shown in Figure 3. 
 
On the other hand, results showed that 4.5 kgf/cm2 by 1 hour of internal hydrostatic pressure was satisfied 
by the solar water heater. This pressure is the minimum required to be accepted in the Mexican market. 
 
The freezing test [7] was performed in a closed chamber; starting at 10°C and lowered to -10qC for three 
cycles. The product was protected of any damage after the freezing tests by the use of an internal device 
developed exclusively for this solar water heater and patented by Modulo Solar [8]. 
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Figure 3. Thermal performance of polymer solar water heater. a) day; b) night. 
a) 
b) 
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4. Conclusions 
 
 
A solar water heater was designed and manufactured with polymer materials in agreement with the 
Mexican market specifications. The olar collector was fabricated with polypropylene and the storage tank 
was fabricated with polyethylene. Both were interconnected with EPDM hoses in order to satisfy their 
functionality by thermosyphon mechanism. 
 
According to performance and mechanical tests, the polymeric solar water heater satisfied the necessary 
technical requirements which described in the technical document of solar thermal energy for Mexican 
homes (DTESTV). [7] 
 
For this study, 4.5 kgf/cm2 of hydrostatic internal pressure was supported by the polymer solar water 
heater as well as 3 cycles of freezing tests. Both tests were conducted without causing damage to the 
polymeric solar water heater. 
 
 
Regarding thermal performance, the polymeric solar water heater had a thermal behavior similar to that pf 
a metallic solar water heater, achieving temperatures up to 60°C with solar radiations close to 22 MJ/m2-
day.  
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